The carotenoid-glycoprotein isolated from the membranes of Sarcina JEava by using synthetic detergents was not resolved into subfractions. It was resistant to extremes of heat and pH value. The peptide moiety carried little net charge and the carotenoid was not easily released.
INTRODUCTION
All of the carotenoid in SurcinaJlava is localized in the membranes (Strang, 1968) . Two general methods are available for membrane solubilization : the use of synthetic detergents (Salton & Netschey, 1965; Salton, 1967 a, b) and prolonged ultrasonic treatment (Salton, 1967 a) . The use of synthetic detergents has been studied and nonionic detergents found to be the most effective. Most carotenoproteins studied have been of invertebrate origin (Fox, 1955 ; Cheesman, 1958 ; Cheesman, Lee & Zagalsky, 1967) . The link between carotenoid and protein, in these instances, is easily broken and a total recovery of carotenoid made. Since the carotenoid-glycoprotein from the membranes of S. jlava is associated with carbohydrate and protein (Thirkell, Hunter, Crawford & Fracassini, 1969) , the carotenoid may be glycosidically bound to carbohydrate. Such a situation exists in Mycobacterium phlei (Hertzberg & Jensen, 1967) . The present work was undertaken to study some of the properties, particularly the nature of the bonding of carotenoid, of a detergent-solubilized membrane fraction from S.Jlava.
METHODS
Growth and harvesting of bacteria, preparation and solubilization of the membrane ; Sarcina $ma (NCTC 7503) membranes were prepared as previously reported (Thirkell et al. 1969) . Solubilization was achieved by repeated extractions with either I % (v/v) Lubrol L (I.C.I. Ltd.) or Crillet I (Croda Ltd.), both non-ionic polyoxyethylene derivatives. The solubilized material was exhaustively dialysed against tap water and then distilled water, and the carotenoid-glycoprotein purified by repeated ammonium sulphate precipitation.
Attempted resolution of Crillet I solubilized carotenoid-glycoprotein. Three techniques were used: (a) Electrophoresis in free buffer film. Separation was attempted on a vertical flow machine with buffers of different ionic strengths and with pH values ranging from 3-9 to 8-6. The material was exhaustively dialysed against the buffers for at least and I % (w/v) with respect to papain. Digestion was at 40' in the dark in an atmosphere of nitrogen. Two recharges of EDTA + cysteine + papain were made at 5 hr intervals and the digestion then left overnight. The digest was extracted with ether until the ether phase was colourless. The total etherial extract was dried over anhydrous sodium sulphate, taken to dryness at 25" and tested for the presence of carotenoid (spectrum), carbohydrate (Whistler & Wolfrom, 1962) and peptide (amino acid analysis).
RESULTS

Resolution.
With electrophoresis in free buffer film, no resolution was achieved in any system. The carotenoid-glycoprotein did not appear to be charged at any pH value. No resolution was achieved with Sephadex and on the ultracentrifuge a single symmetrical peak was seen after I hr. These results suggest that a single molecular species had been solubilized. Amino acid composition. The results are shown in Table I . Attempted release of free carotenoid. The findings are summarized in Table 2 .
When the effects of urea or urea + thioglycollic acid were examined on the ultracentrifuge, equilibrium patterns were produced. Thus, no conclusions could be drawn as to whether a split into smaller subunits had occurred. released after 6 days.
Comment
Association through a definite type of bonding rather than a loose non-specific association. Carotenoid bound in a manner different to that found in invertebrate carotenoproteins which are split by this method, after which 100% of the carotenoid is extractable into ether (Cheesman et al. 1967) . The effect of acetone is to denature the proteinlpeptide and thus the integrity of the tertiary structure of this is not necessary for the bond. Hydrogen bonding not involved. Hydrogen bonding not involved; split of any S-S bridges in the proteinlpeptide moiety does not aid pigment release. Electrostatic binding not involved.
(i) Hydrogen bonding or n-n electron interactions not involved since the thermal energy supplied should be in excess of that required to break such bonds. (ii) No precipitation occurred which suggests that the components of the complex mutually stabilize each other.
Suggests that the type of bond ruptured is very weakly alkali labile. A substantial amount of pigment was released into the ether phase; analytical tests showed that it was not free carotenoid but that it was still associated with carbohydrate, a short peptide and detergent. The effect of papain was that it decreased the peptide to a length which made some of the material preferentially ethersoluble rather than water-soluble.
D I S C U S S I O N
The solubilized membrane fraction of SarcinaJEava appears to be a single molecular species. The amino acid analysis revealed little or no basic amino acids and a very high ammonia peak suggests that most, if not all, of the dicarboxylic amino acids may be
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in the amide form. This would explain why no charge was noticeable during electrophoresis in free buffer film, why the authors could not obtain any reasonable titration curve for the material and why it did not migrate from the origin on disc-gel electrophoresis. The fraction is extremely stable to extremes of temperature (up to 1 0 0 ' ) and pH value (PH 4 to 10). Release of free carotenoid is diacult to achieve indicating that the bonding is covalent (glycosidic ?). Papain digestion produced smaller units which became ether-soluble, but further degration of these subunits would be required to identify the molecules involved in the links between the components of the complex. The carotenoid-glycoprotein studied was rich in detergent. To what extent the presence of detergent influenced these results cannot be determined since it is impossible to remove all traces of the detergent from the material.
